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¥ ONFIDURTING
GOR N ITCHANICAL TLIT FUZE3

1, The Krupp Type Mechanical Time Fuzge,

(a) General, . .o .

The Krup tyve Mcchanical Time Fuze was inmproved during the
Wnr yoars, The design of this Fuze lends 1tsclf readily to
adrptotions, some 30 deing khown, most of them unimportant for .
the nurpose of this report.

(1) Description of 2t.Z,5/30,

Referring to Figure 1, the clock is overnted by &
nain soring adepted to rotate a central hollow ehaft which is
slotted to accommodnte and in turn rotate the Firing Arm
Retainer (1). The hollow shaft contains » helicel spring,
cororessced as shown, The F. A, Retriner is held exizlly agninst
tac comprcsscd spring by on Annular Ring (2) which ie integral
with the ~djust-blo @p. Trhe F, A, Retrniner 18 held in ite szerxo
vosition by a Senr (3),

In oper tion, the Crp is rotated,by the Fuze Setter,
the desired nunber of degrees whereby the firing slot is noved
to the required position. As the bullet ie fired the setdack
force dcprosscs the Sear (3), the F. 4, Retriner is moved counter
cleckwise held in ite plane by the annuler ring (2) until it just
posses the firing slot orojection (4). The F. i, Ret-inor is
new forced forwnrd by tho Svring (5) relensing the Firing Arnm
(6), The Firing 4arm, rototed dby the soring (7) allows the Tiring
Pin (8) to rotnte. The projecticn (9) on the Firing Pin slive
off tho conc shape Gudgecn (10) urged dy the Spring (7) and firee
the primer which is locntod directly benesth the Firing Pin in
the Body (nct shwn).

(2) safety Devices,

While the F, ... Retoiner (1) is in the zero poeition
it is stopped from rotating by sct back senr (3) and retaiped
axially by Brocket (13), It ie thus vpossible to set the Fuze

-k o
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1. (a) General (cont'd).

L4
by rotating the C.p with ite ‘annuler ring throughout 360° without
firing while in the Fuze setter,

The Blocker Arm (14) prevents the Firing Pin from
firing until the Fuze is rotated at about 50 R.F,S. Abuve this
spin the Blocker Arm rotetes, against a soring, to clear the
Firing Pin.

(3) Notee on Operation.-

The Fuze operates freely and may be handled and
assembled to the Round eefely, It is waterproofed externally with
wox but no dessicant has been used within the Fuge to obsorb the

rencining moisture,

The two wedges that leck the cep in yrosition at
setback overcte at about 2000 g, cvetimated to bde just before the
rotating band engnges the rifling in a gun similar to our 3*
and the setbrck sear relcases the timing mecheniem at about twice
this value., We¢ cxrect that the cap with itw firing slot will stey
in the set positien, nnd not %wist, due to the high anguler accel-
ernticn experienccé when the rot.ting band engeges the rifling.

(4) Notcs on Adjustment,

The fuze 18 adjustcd ~nd tested for timing stati~
elly: '

o The escapement Lever of, for ilnstance, a 3O second
Puze, hne e frequency of 132 cycles. The clock is started ~nd

the rate of the Iscrpemont Lever ie observed stroboscoplcally,

The effective part of the Halrspring is made longer if the rate is
too inigh and shortur if the rete is too 1ow. If the 1linit of
ndjustment is reached and the ratc is st§{ll too righ cnother
Escapement Lever is mounted; if the rnte should be too low the two
brass welghte on the Zscapenent Lever are reduced in weight there-
by rcducing thc rotary roment of Inertie and increasing the natural
froquengy of the system.

=l
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1. (a) General (ccnt'd),

It is noted thet only one end ¢f the Hairapring is
subject to ndjustuent, The Escopement Lever is mcunted so that
it con be replaced withcut tearing down the cloek =nd the escrnpe=
ment whoel is readily adjustable to matoh,

The cleock is tested in » fixture for elepsed time
by ccmparlison with & seconds nendulup, An electromegnetic
rolonse for the vmendulum is synchroniged with the starting cf the
clock, The fixture simulates the ennylor ring in the ¢op and
when the F, A, Ret~iner ie relerscd thrrugh the slot in the jig,
en clectromngnetic brake stops the pendulun, The elapsed tine
is held from .05 to .1 seccnds for 30 and 60 second Fuzee in the
factery.

This systen of cdjusting ond testing ig enmewhat
slower than the Electronic Rate Testing System used in .mericen
factceriecs, Thare is nc cbjecticn to t sting the clcck staticrlly
(f.e., nct spinning), the error due to centrifugnl Force cn the
Hnairspring is subst:ntinlly & ccnstznt, oltheugh a different
censtant ror cich ronge of svoin,

»

(5) Totes wniDeeigﬁ ~nd Precduetion,

Evaluuting the basic design of the Muze we note that
the clcck is shert axially because the ‘Primer requires nc great
Piring-Pin volocity. This allcws the designer tc plece the clock

well to the reer in the Body and the assenbly beccmes nmore rugged,.
The four plates are socurcly held together with three throughscrews

which ~re calsn used to belt the clock to the budy moking -~
subst-ntlal assenbly, The running fricticn hos bern reduced by
using only 3 gears und by makinsg the edcepoment wheel very light,

The n-dn epring is highly stressed, o cemmon
proctice in the deelgn of clocks and crused meny rejecticns due
to bre~krge, It is estinmated thut 18% of Xrupp type Fuzes in
.frica were incverective due to breken nﬂin springs,

The cscepenient is solf-starting ~nd therc is little
diffor nce in terque required to stort anéd to run, The method of
cecking the firing nin ie nc better than that used in other
mechanicrl Time Fuzos, The idee ' f scverating the twe elcnente

-5~
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1, (a) General (cont'd),

which initlate the firing, i.e,, the F, ., Retainer znd the Slct
in the annular ring, instead of ncunting them in the srme unit ig
very ncor practie., The setbeck release scheme ig fair., There is
no need to tnke up backlesh in the gearirain. The design londs
itgelf to variations for speéial purposes as we shall soce below,
The w rkmonshlp is excellent,

The Krupp type nechanical time fuze was improved
over the buasic design by Gebruder Thiel, clock snd watch nenufao=
turers in Tharingla., Four plants produced smmroximately 15,000
dnily un to 1942, Subsequently only twe plents were producing
this fusze st the rate of nbrut 7,000 daily, Tho fuse described
cu8t the Govermment 10 nari-g eech,

(b) Delayed Arming Time Fuzes,

(1) Description .

Referine: is nacc to Pilgure la, Item 2 is the
sranular ring in which the firing; slot is leoceted, A similer
annulus (3) with ~n arning slct is fastened t the tep vlate of
vz elock, The ~rninec slet is f course quite similar to the
firing slot, alth udh the functicnse of the two slots are
different,

aAssuning that the elock ie started by the sctback
fcree, the Firing .iarn Retainer is n~w kent in its nlane of rotation
by thoe fixed annulus until it rerches the armine: slot when it ig
forced forward ~zninst the djust~ble snnulus, Continuing to
rctate in this new nlane, the Firing .rm Retainsr finally reaches
the firing slct and tho Tuze fircs,

(2) Ccnnente,

The schene was used in Puzes for 380 om end 406 mm
suns, In suck large caliber gune, ti:e low sctback force requires
that the Relirgc Svar is set to rpernte at nbout 60% of the value
for smaller c-libor suns. The deleoyed arming is nn additional
safoiuard a.sainst vrematures tnd well adented for longer tinme
settings, For instnnce, if we decided th-t wo wruld nct want tc

b
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1, (b) Delayed arning Time Fuzes (cont®d),

set the Fuge for less then 10 seconds time and thet e time ng
long as soy U0 scconds wea desired. By using the above tescribed
ccnatruction our cpportunity for acourate time setting would be
1/4 cr 25% better thin 1f we were tc use the conventicnel method.,

(¢) 3Bpllistic Tests,

A few rencrte «f ballistic tests have be ame availedle,
Figure 1B ghows test results on 5 sec., 30 sce. and 45 scc, Krupp
type Mechanical Time Fugew,

In ccnnecticn with the teet on the U5 sec. Fuzo on Deceumbder
12, 19U43, the statenont wos made (by 0,K.L.) that the L% se¢,
Fuze was entirely useloss, It wns thought that the errcrs were
duo tc Cep slipprnge md extcnsive tests wore mede using Fuzcs
in which the c¢ijust:ble cps were fustenod tu the Bodies, by means
cf screws agrinet cther Tuzes with Coaps having stendard terque,
No grect differvnce was found, Six menths lator, the situntion
with reepect v 45 sce, Puges had imoreved, .
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. 2. The Junghons. Tyne‘M@chanicol .iﬁe Fuze,

(=) General

Distinct frln the Krupp type fuze. which .8 we have seen in-
cpernted by o mainepring, the motivo power fer the Junghanse type
fuze cleck is derived from centrifugal force, The Junghane fuze
wee used in large quontities during the entire war, It is deseribed
here because the centrifugel drive and the firing mechenisn were
conpletely redesigned Jjust pricr to the war,

(b) Descripticn of Fuze 2t.2 S[}O'FgL

Pigure 2 shnws the firing mechanism 1n the arned anéd fired
pesiticn, The timing dise (1) rotetes clockwise with its firing
slot into which the firing arm (2) is mcved thereby turaing its
shaft axially. The plate (3) which was held from cperating by
the firing arm shaft can now rotate outwards thrcugh the slot as
inciented in the figure, The plate (3) 48 fastened tc an suxi~
linry shaft (4) which therefcre rctates with the plate. The
lower fl:i.ttened merticrn ~f the 8uxilisry shaft kept the heook
gheped senr (5) fron disenzazing the primer container (6) until
the nuxiliary sh-.ft turned cbut its axis, The sear now rotstes
outward, the primcr conteiner thereby relecsed rcves toward the
firing pin (7), The moticns cf 2ll members deseribed are derived
frcm centrifugrl fcrce nnd ore shown in the finel fired wmesitien
in Figure 2B, :

Earlier in the war a flat spring wes pl ced betwcen the primer
cont~iner nnd the piate where the helicel spring (8) is ncw shownm,
“iwe purpose wns tc augment the mtlon of the primer container to
insure firing but thiie contruBtion woe frund tc de dangerous
end the spring wes revleced by the weak heliccl snring ghcwn to
prevent the primer container frem rattling.

xigure 2A shows the centrifugal drive and o botton view of
the clock, In the.bottom view (1) is o sofety mlate urged into
gafe vosition by eoring (2). Innediately above the safety plate
is lccated a set bauck pin (net s ~wn) with e hemispherical point
bearing on the hele in the safety rlote, mnking the arrangement |
bere safe, ‘The eecripement is released, to start the fure clock,
by the set back vin (4) which is hcld in pesition by spring (5).

- =10-
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2, (b) Descriptivn cf Fuse-28.2 8/30 Fg {cont'a), -

In the tcp view cf Figare 2A is o cwn the centrifugelly
cperated ¢rive, The welghted goar eectcrs (1) overe®e the central
rintcn (3) thrrugh the twe pinions smd gears (3), Benesth each
qoer sector ig lecated n weak hairpin shamed spring to urge
the sectcrs townrds the periphery of the clock, These eprings
are too wonk to contridute any nrpreciable force to the drive dut
nerely kKoep the gear teoth im contrgt 8¢ avcid backlash in the gear
trein, The gear sectors (1) are slotted ns shown at (U4) to take
up, yicldadbly, the shock of the angular neceleration experienced:
whon the retrting bend of the bullet enters the rifling of the
bnrred, In 2 worn gun the value of this accelaration is of
ccnsidernble mognitude due to the run up of the projectile,

although not shewn twe stcos were nrovided tc prevent the
hairenring fren bteenidng or taking e set wt the mcment of maximum
angular aecelercticn, The atcvs are of ciurse nrranged sc that
the helirspring riay operato freely at rll cther times,

sipure 2B s ~ws & nlot cf the availedle torque cn the central
y)lnion.

(e) FNotes,

Tho fus.: clcck is regulnted by cbeervation of elapsed time,
The regul itine neochine hes & meunting fixture for cloek centaining
twe glectric ccntact menmbers which are arranged sc that one starts
and the other st ps a naster cleck, The fuze is nl:icoc in the
rn-unt and rotated at 16,000 R.P JM,, econtact nembor #1 hclding the
vgcapenont lever tc prevént the fuse clock from strrting until it
r. r.chos the cesired velocity, whoreupcn nctuated by the centrifugal
f ree, the ¢ ntnet crorews to stert the fuse clock ~nd the naster
clook simultnnecusly, The timing disc has nrevicuely been sot
at 30 seo-ncs nnd whon the fusc clock fires the nuxilisry sheoft
(L) Fieure 2 operntes cr.ntact mondber #2 t- etun the master clock,
The clrpeed time 18 rond and céjustnents ~f hairgnring length are
m d¢, 1f ncccoesnry, tc seocure satisf ctrry rmernticn.

The Junghcns tyne fuge wns m'e in ccnsider~dly lrrger quanti-

ties thrn the Krunm tye, It 1a catinnrted that b ut 250,000 unite
were nacde nonthly from 1437 to 1942, Frem 1942 to 1944 the Fodek

-1~
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2, (¢) ¥ tes (c:nt'd).

fact ry chenged from Krupov to Junghans fuzes adding anrther
100,000 units per mcnth tc the total capacity fer the manufacture
cf this fuze.

The price tc the Government was 11 marks for the ZT, 2, Fg
and 14 ncrks for Depp 2 §/60 Fg.
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3, Ccmbined Mechenical Time nnd Impact Fuses,

Apparcntly the need for an immect detcnating element in the
mechonienl time fuze became acute in the summer of 1944, Three
distinct kinds were designed between that time snd March 1945,
In chronologlical order we havel

(1) The Krupr Type Base Impact Unit with several
nincr variaticns,

(2) The Junghans Type Pcint Detenating Unit with
three variations,

(3) The Skoda Type Point Detona.ting Unit with
four varintionas,

(a2) Base Impnct Unit,

This unit dntes from July 1944 nand 1s shrwn in Figare 4, Its
uso w8 c:nfined to Erupp Tyne Time Fuzes., Referring tc Figure U
o Plate (1) screwthreaded intc the body beneath the Fuze Clcck,
earrice a fixed firing »in (2), Hecesscd in the body is &

cylindricel orincr housing (3) retained, in the static position cf

the fuze, by ccnventionel clopper style detents (U). An enti-creep
spring (5) boars ngainst thc primer housing,

The mode of ~perntion of this unit is obv.ous, Some variations
are provided with longur dbcdies adnitting larger primere, The
conbinction was kncwn ~s Dopp.Z 8/30, Depp 2 8/60 dopending on the
naximuz ruaning time ~f the time fuze,

(1b) "Ju@au“ Point Detonmin&Elémunt.

Georuder Junghaus developed three quite sinilar point detonating
devioes for thelr mechanical time fure,

(1) The first design, known as Dopp., 2 S/60 F1, hed a
geer arrengement for wming the imprct unit some distonce
beyrnd the mugzle of the gun (Maskensicherheit), Some
thcusrnds were nade for 0.K.M, at "Hessap®, Homburg, It
wie less sensitive thon desired,

(2) The sccend design, known es B, Dopp 2 §/30 operated
like "Jungfrau" but had two hcok sheped centrifugal detents

~16m
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3. (b) "Jungfrau® Pcint Detono.t-i gElement (conttd),

for the impact firing pin, Px'cmnture snfety of the impact
unit {Maskcnsicherheit) could be. varied by & stop for the
impoact priner which was operated by tho number 4 geer in the
Fuze . Clock, Approximately 60,000 units were made before the
war cnded,

A (3) In respcnse to & demnnd from the 0.K.M, for greater
sensitivity cf the irpact unit the *Jungfrau® was developed
snd subnitted to 0,K.M. 8 February 1945, Very few were made
and ncne were used in actucl warfare,

Description,

The imprcs firing pin (1) rnd the centrifugnl detent (U)
Figure 5 “re nssemdbled tc & mcunting cun which is threanded
intc cnd adapted t¢ be rotated with the Cep, This mount™ .
ecnt ine 2lse the honmer snring and the set'pin, The firing
pin (1) is provided with & ccll-r (2) sc that it ban be held
in a snfe ocsition by the centrifugnlly operated detent (4),
A light helic:l spring (3) betwoen the center shaft of the
fuzce clock ~nd the firing »in slecove helds the firing pin
in poeitiocn while the bullet ie in flight, The detent (U)
cperates ngainst the soring (5). In the number 6 plate of
the fuze clcck, is roceesed n wrimer slide (6) which is held
cut of line with the firing pin by the epring (7) while the
clock is atationary, It will be observed that due to the
roevieed Jungheus drive, making the central pinion shcrter
and larger in diameter o falr sized hclo cnn be drilled oxially
threcugh the pinlcn to accomcdate the firing yin,

Qgeratinn.

The opercticn of the impreot element is shewn in Figure
5, tho primer firos thrcugh the fuze clock into the booster,

(e) 8koda Tyve Pcint Deton ting Unit.
(1) Goner“"l; r

During Februnry 1945 a.pcint dotrnating clemcnt as
a unitary gtructure w:s devised nd t.sted at the Slunde Works,

-17-
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3. (c) Skodo Tyne Print Detcneting Unit (conttd),

It had tw: ndvintnges cver the nrevicusgly daecribed units. First
it wrg nere scnsitive, gecond it cculd be very simply ndapted to
existing Z4. Z. 8/30 time fuzes ¢ f which more then seven million
were av~oilable, The 0K, M, amthrrized the conversicn of existing
mechrnical time fuzes to.Skoda CC Z 8/30 on 14 March 1945 as o
tempcrary mecsure, the ultimate in gensitivity not having dbeen
found ne yet,

(2) Descripticn,

Reforring tc Figurc 6 it is observed that the CC
elemcnt (1) is nounted in the cop of the time fuze as & unitnxy
structuro, A relatively lerge charge (2) is adepted to be ignited
by the eensitive primer (3). The sensitive orinmer is urged
townrd the axis by the spring (4) but is held in safe positicn by
the firing pin (5), Tho firing pin is held in positicn by the
spring (6) ~nd the b1l (7). ‘

(3) QOperrtionm,

Tre- unit storts t¢ arm when the round is fired,
the set b ck fecrce neting (n the firing:pln compresses the spring
(6) nllowing the o 11 (7) tc £211 cut intc the wide part of the
housing (8). .fter thc bullet is bey nd the accclerotion field
of the gun, the firing pin is urged forward by the spring ngsinst
the dashpct effect ¢f piston (9), the complete srming being there=
by rctarded for a distance, said tc be frem 15 to 150 feet beyond
the nuzzle, The sensitive primer is n w free tc move into firing
p siticn, Uuen impect the chorge fires through the fuze elock into
the booster, : .

(&) Johdnn—Super—Zundwerk.

Descrivticn,

I'Meure 7 sh we n design which scmewhnt resenblos the Skeoda
unit in that it counld rendily be ammlicd tc exietineg time fuzes,
The firing nin (1) is rctodned in the unnrmed nositicn b ¢ detent
systerm consiatin: of o notched nlwte.(e) ond nn 2duninun swirsal
(3). Betveen the firing nin and the vrimer is rocessed n centri-
fugrlly opercted safety slide (4), The operntion of the fuze s
clearly discornadble by inswection of the Fimure., Jacther very
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3. (&) Johann-Super-Zundwerk {cont'd),

similnr.versicn of the fuze is shown in Figure 8 and n third
devige, amot .sghown, and no model, was alsc maae owing to the
urgency of the project,

(e) Notes.

¥o, 2 fuse, Figure 8, wes rendy first snd 40 samples were rnde
and tested, The ballistic tests were satisfoctory but the design
was rejected, not being mristure proof, No, i, Figure 7, cf which
200 samples wore testod was spproved. by the 0.K.M,

Tests were mado for meneitivity at reduced welocity and both
the Skoda end the Super Zundwerk fired at Vo N50-600 feet per
seccnd agninet 1 mm Duhal or § mm cardbesrd, The premature safety
(naskensicherheit) was about 30 foet beyond the mugsle, more
definite with the .luminum Sp.rel System then with the desh pot
systen (ne in Skoda).

These fuzes wore tested about laroh, 19“5 and ncne were actually
used in warfore,

It is worth ncting the st temenis cf a PW, rclative to the
efficcoy of the Cemdin-ticn Fuze., In a revort issued by the 0ffice
of the Director of Intelligence, Hq., USSTAF (Rear), 5 June 1945,
Walter von .xthelm, Generszl der Flakartillerie, former inspestor
. general of flak, was interrcested relative tc Tuzes ameng other
subjects., "In the latter period of the war, vlanes were ac well
constructed and armored that HB nroJect!lcn hré to burst within Y
meters of a plane to be effective,"

"It wos calculated (on probable errors) and ccafirmed experi-
mentally that & U-notored plane such ag B-17 oo B=2U would receive
n direct hit once in abeut each cne thougend rcunds fired,"

¥This fuze was develoved tc burst cn impact and 1f contact was
nct made on a rlane, then cn tine o8 with the custcmary time fuse,
It wus very successful and ver rlane, dropped frem 3000 rcunde with
time fuzes tc 900 rcund with thie Fuze,”

' "Thig.fuze went into preducticn in the £211 of 1944, In
October, 1944, prcducticn wrs 1800—2000 fuzes nnd this was tc de

13-
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3. (e) Notes (cont'd),

increcsed ropidly uatil nrcducticn of fuzes weuld be of this tyne,.®
(Zurted verbatin,)

The fuze referred te is B Depp 2 S/30, the immedinte precursor
cf "Jungfreu" (See "Jungfrau" second dcsign nbove).

e ¢'n readily see how beth of these figures for numbers of
rounds would have been o great deal smaller had the Germans
succcsed in develcping a sccd mechanicel time fuze, to be get for
"tine to bhurst"while in the gun barrel, thercby eliminsting the
dead time ns will be discussed in Pert U4,
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4, Mochanicul Time Fuses Devices for Eliminnting

Dead Tive,

The mechanical time fusze has Ah inherent poesibility of
accurecy far beyond that cf any cther fute known to date,
Unfortunctely present usage permits a variable error hetwecn the
arceces of setting the fuze for "time to burst" and the actual
firing cf the gun, This variaticn, amcunting to many times
(10) any timing error exieting in the fure itself, obviously makes
the fuze much less useful than intended.

Both the British and Germans have tried to develop devices to
climinnte all or part of this dead time, and while ncne of these
dovices has been used in aoctuanl warfare, nevertholess the subject
scems sufficiently imocrtant to warrant a brief sumery of what
hag becn dope to date,

(r) The Midgeley Time Fuze,

(1) Genernl.

Tho iitdgeley time fuze was devised and ceonstructed
by the Midgcley-Harms Cr,, Ltd,, London about the beginning cof the
wer, 1t has Licen offercé t- the British Government and it is
snid thet whilc the British Hnvy shruld like to have it made in
scme quantity, the Govormment wes not in a nosition tc ngsign the
necossary werkmen to the cormreny,

. The fuze was designed tc be set for "time to burst"
after the round has beon rammed, by acrustic means, No actual
firing tosts have been made but the fure ond asscciated genr has
been found to enerate satisfactorily in dumny triels,

(2) Description of the Fuze,

The standord Britiuh nec.anical time fuege is of the
Krunp tyne described in Part 1, in which the firing arm conteiner,
aftor relense of the sot back arm rotates counter clockwise
rcstrained in thc rlane of rotetion by ~n annulus, Vhen the firing
arm contalnor reaches the firing elot in the nnnulus it moves
exinlly rceleasin,: the firing orm which in turn releases the firing
~nin. .
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4, (a) e !iide:nley Time Fuze (ecnt'd),

“In the Midgeloy Fuse shewn*® diugrammauco.lly in -
Figurc & we have a standard fuze clock (1) and. elso an auxiliary
clock (2) which rotatos tho annulus (3). It will be recalled that
in the conventicnel Krupp type time fuse the firing slot is located
in an anmulus which s pars of the can and that tho "time to buret*
is set by roteting the eap with respect to the tody thereby placing
the firing. slot in tho anmulus’in.the desired geometrical nosition,
In the Midgeloy fuze the mnnulus with its firing slot, is constantly
rotated by the auxiliary clock, The epvnropriate geometric»l
nosition of the firing elot becomes fixed cnly at firing of the
round when the set beck force will caugs the ennulus tc be
imping,ed upcn & aumber of ﬁxed sharn nins, :

Intc the body is secured a reed (6) and on the rim
of the annulus is affixed a vluck (5) in wuch o way that for ench
S revoluticn of the annulus the pluck strikes the reed o emit &
o scund; As embocied in tho latest model the unnulus mckes one
PR revclution per socind end the reed emits a 3000 cycle ncte cach
' . second, Beceuse the poeiticn cf the pluck with respeet to the
firing elot in thec cnnulue is fixed, the 3000 cycle ncte defini-
toly locntes the firing slct c’istance frem the gero moint cf the
firdng arm container, »

In operaticn the round ie picked up, pin (7)
manually denressec to start the suxiliary clock and the round is
remmed., The rim of the cartridge cose, (wee Figure &) nakes
.physiccl ccntect with the projecting part of a micrcphone (11)
which 1s fastened tc the breech end of the gun, Ivery acund
omitted 18 ncw vicked up by the microvhcne, amplified nnd filterecd
to exclude 211l but the fundamental of 3000 cycles,

On tc the dial of the predictcr (16) is affixed ome
centrct ~nd icther contact is fastened to a‘rotating arm (13), both
wins in the firing €ircuits., Retoting erm (13) is adepted to be
rotated thrcugh - fricticon érive br mecns of a synchroncua mector,

“turning one revolution rer second, mrecisely like the annulue in
the fuze, 4 relay (12) eecrves to h-1d the nrm et the zoro v sition
against the friction driv: as illustrotnd. in Fieure 8,

The round is in the pun a.nd at the first 3000 cycle

=8~ .
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4, (a) The j{jdeeley Time Fuze (cont'd),

elgnal picked up by the microphone the relay 1s actuated, releasing
the rotating arm. The contact on the predictor diel can be adjusted
by the fire control gear up to the time that it is desired to close
the firing circuit elsewhere, vhereby the contact:-on the dial
becomcs: alive and when. next it:lse actuated dy: the roteting arm
firas the gun..-Tho yoteting annulus having been synchronized by
the 3000 cycle nofto . operating the. relay, the fuee is ovidently

set for "time to buret" at the instant of contnct, To achieve

n high order of nccurncy the auxiliary clock hus en escrrcmont
frequenoy of: 700 tyoles =nd ig well designed, The running time of
this clock is 30 seconds, thus th#s round must be fired withim
this time ofter the clock has been strrted,

(R No‘tes‘. .

. , This mathnd of enminuting depd time hoas o numder,
of drnwbz &s which arc innediately eppirent, ns well as introducing
in 1tself zn orror 1 rger than the one 1t intonds to elimina.te.

It may be montioned hare that attempts were made to
pick up the sound without metrllic connection but it turned out
thnt ever a slight cooting cf gronee tends to attenunte the 3000

gycle note so th-t 1t comnletely masked by rendom moises, The
necessity for metnllic connection sevirely limits the utility of
nethod,

It will be ndserved that the vresent arrangemeat
takes no neccount of the time elapsing betwesn ccntact in the firing
circuit and the actuel aeet back which locks the annulus in place.
If this time lapse is. say. .1 seconds, the annulus abviously mckes .

.1 revelution or 36° which correspond- to an error of more than
3 geccnde in this fuge,

(b) HMechanical 2-clock Fuse,
(1) Genurnl,
The idea cf setting the mechrnicol time fuze for
"timo to burst" with the round in the gun barrel wng nroposed by

the 0JK,L. cbout the cnd of May 1943, Both 0.K.L, ~nd 0.K.M.
werec nnxious to have this work progress rapidly and two laborntories

-2
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4, (b) Mechanical 2-clock Fuge (ocont'd).

wory chnrged with developing, independently, the desired device,

The finished units turned cut to dbe very mach nlike
in orinciple and only one needs to be descrided,

(2) Description... _ o,

Referring to Figuro 9, e Jungrena Fuze clock ig shown
r8 (1) ~nd direotly above & time set clock (2) adapted to rotate
tho timing disc (3) of the fuze clock at 120° per seccnd for 30 -
seconds, Figure 8E shows the methcd of operation diagrammatically.
Just before ramming the round wne placed into o cup (4) and the
tinc set clock stnrted by monmuclly depressing plunger (5), The
operation cf plunger (5) elso made a circuit which relessed
rotating arm (6) driven by o master clock at the srme velceity
a8 the timing dlse in the fuze clock, and effectod gynchronien,
Firing reloy (7) wos mounted on an annular ring and positioned
by the existing fire centrel gear., The methnd of operaticn is
clearly discernible from the dingram 9A.

(3) Notes.

. Tre Krupp schome was ready first and wes tested in
March 1945, While tho laberatory tests had turncd cut well the
proving ground tests were unsat iefoctory, The fuze was known
as "Im Rohr Cinstaellbaro Zunder Zt. Z §/30 M2", The Junghrns
schemo wne not tested. N | S ®

: This methcd is obvioualy an imprcvenent cver the
ncoustic aystem being more widely spplicadble. The perticulor
cmbodyment ns shcwn weuld slow up. the firing scmewhat snd Jjust
like the Midgely fuze the error {s of the same order as the une
® they were trying tc correct, Because the tining disc mokes one= P
third as nony rev<lut1,na per moccnd as thot of the Midgely fuze
the Brror is nbcut 12° or cne ececnd rlus, The Germens checked
the time lapsc between contnct s~nd eet back on theilr guns and
Tcund that it v-ried from .05 t¢ .15 seconds deponding mainly on
: the tomperature of the powder, From this conelderation it nc
e dcubt becme coviouws to them that any system with a revelving timing ®
disc to be locked nt set back wruld be subject to e large error nr
unduly irpede the firing, . :
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4, Meochanieal Time:Fuzqs Devices for ElimtnatingvDead Time
{cont'd), ' ‘ '

(c) Electrically Set Mechanlecal Time Fuge,

(i) Genernl,

The development of en electrical system for setting
the nechanicnl time furo while tho round was in the gun barrsl
w:s storted in 1941 Bn the Jungh=ns Reserrch Laborrtory et Preiburg.
It was vriginally intended that the systom would dbe used for 88 mm
flak dut 1t turncd out tec require a wire thrcugh the rcund snd the
breechblock which wns objectionable., In 1943 the development wos
resuned fur use with anti-airersft rocket R 42. The unit to be
described is & further simplificetion cver the fusgce actually
testcd and wes made possible by the constructicn of o high epoed
nechanicenl c¢ounter,

(2) Description of the preposed Rocket Fuze,

Roefercence is mrde tc Figure 10 in which a fuze clock
is shown as (1) having = cupped timing disc which is adepted to de
rotated at 1 RPS by =~ snring motor, Disc (2) which serves as
governor 18 rctatcd ~t 100 KPS by the enring motor, The tcothed
wheol ( ) ‘and the com (§) cre mcunted on the eeme shoft £ the diee
(2) nnd thercfere clso rotnte with a velocity nf 100 RPS. Thus
the cam (4) nakee and drenks contacts (5) 100 tines por second,
shorting cut +nd unsherting resistonce R which ie nlrced 6lecsriodlly
"across the ccntacts (5).

" Separately mounted is an electromagnet (6) to the
arnature (7) of which is attached wpin (8). By omerating the megnet
the vin (8) releascs the tcothed disc (3) thereby starting tho
spring notor which rotates the tinming disc cn the fuze cleck, The
nunber of operaticns of contacts (5) are counted by an external
ccunting reloy and at tho dosired count the meagnet 1s de-ensrglzed,
the armeture drops pin (8) intc ¢ne ¢f the ten slots of disc (3)
stopning the epring motor thoereby arrceting the tining disc,

Fiqure 10B shows a dlegram cf the arrancement, R
is the resistence rercss the contacts (5) in the fuze, (6) 1s the
nagnet by nesns f wnich the fuze cin be sct as described ~bove,

3
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k, (c) nlectricallygsgysneehanxchiarihe;fuze;ltéﬁat-a),

External to the fuze are contacts 1) end 15 which are ' -~de manually
as shown, lp being’the holding contact: for the rolay L. Depressing
switch M starts the cperation cf setting the fuzc, A plus potentlel
threugh resistor'D and noint X ectuates megnet -(6) to start the
suring drive ond thereby the timing dlsc, Contacts (5) in the fuge
operate end unshort the résistance. R in the fuge theroby raising
the pctential at X, i.e.,. the alternate high and low potential at

X, 100 times per second, caused by tho opening and clcaing of

" coatacte (5) may now be used to sct the fuze for the proper "time

fo burst” while it is in the gun barrel, The cownting circuit
condists of ‘a five element tube (T) the plates cf which are connected
to the cuils a and b on the counting relny that cperates the .
rotating nrm (9). Tho predictor sets contact (N) to the desired
position and when the rctating arm (9) mnkes centnct with ¥ the
firing circuit is nade,

In this narticular circuit the constants are chosen
80 that when the votential at X is low, making Y negative, the flow
¢f current through nleote A and c¢oll a stops, At this aoment the
‘potential on & risos and grid Z-becomes poeitive., The tudbe current
now flows thrcugh dlnte B '‘ond c-11 b counting another ,005 second
stcp., At euch step tho rotating arm ~dvances and whon it recches
N, s menticned elwve, the firing circuit ie nade, The counting
. rrls.y is said tc be capable of operating cn rulses of 004 seconds
duration.
’ It was pcinted out whove that the fure wae vroduced
in 1945 for the R 4R rocket. When the rocket s»in reaches 2000
RPM (some ,2 %0 .3 seconds after firing) the tining disc is .
olarmed to the gear train of the fuze clock by the centrifugully
operated cluteh shoes (10) figure 8F, At 5000 RPM (.6 to .7
soconds) the coupling pins (11), which have kept the tining dise
connacted to the spring motor and thercfore stationary up to this
noint, release the timing disc which can now be rotated by the clock,
4t 8000 RPM ( 9 to 1 Becond) the.fuze clock is started by the
over-tion of & centrifugelly opcrated reloase for the escapement
lover (not shrwn) .

(3) Notes,

Becrusc the tining disc rotates at 1 RPS nnd can de

~32— n
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4, (c) FElectrically 3¢t Mechanical Time Fuze (cent'd),

stepped within 1 millisecond the inaccuracy due tc the setting
mechanien 18 exceelingly small demecndent only on how olosely
firing contrct N can be set, The' anring drive has been worked

cut so that the gear trnin between tho toothed disc and the timing
disc has not logt roticn and therofore no errar other than that

in the fuze cleck itself 1s cevident,

The fuzes were tested -nd nroncunced satisfactory
for the nurpose for which thoy were intended., In October 194k
Junghans started to produce 7500 units and the firet 500 were
sent by truck to the losding nlant, The truck was destroyed
by o bamb, the Germane degtroyed 211 narts in the vlant so that

no sanple ie avail ble,

Owing to the limited experiencé the cost was not

known but it wns said that the spring motor wae much cheaper
thon the set clock in the 2 clock system proviously deseribed,

The fuzc was known as "Zt Z, §/30 Fg' mit clectrischen
einstellwerk fur R 42 (21,4 cn)" sad wos nrocured by 0.K.L.
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5. Miscellony :

i

(v) Junghans Universal Mechanicnl Time Fuze.

after scue years cf exverience with centrifugnlly cperntcd
tine fuzos Gebruder Junghans decided that a much more uscful fuga
could by rroduced by using o spring drive, They avcidod the use
of a clock nainernring in the light of their cwn and Krupn's
cxerience with brenknge of the conventional mainsprings, They
believed that the fuze should have an imr~ct element tc make it
m~re useful and that the clock should be small teo fit into
. squeege bore rrojectiles,

The cdevelopment cf this fuze, lmcwn as "Vereinfachter Zeit
Zunder, Kleinwerk, mit Zugband Anteied® wos mtarted in 1944 and a
few hundred samles were made, Twenty units were tested and frund
to be satisfactcry, hewever, the 0,K.L, wnnted the cleck mrde still
smallor but the wer was over before the redesign could be started,
The clcek, a8 mace, was 32 mm in diameter (stendard 38) and was
driven by twe helicrl springs oporating ncrmal tc eaxis of the
clcck, roteting the central rinicn by mecens ¢f & steelband, A
complete sut ~f working drmwings has been forwerded to CNO (On-16~PT),

(%) ilechrnic 1 Time Tuze fcr Srin Stebilized Rockmts,

The "Jun:frsu" design wreviously descrided wes revised by
substituting centrifug-lly cpere.cd elements for thirse that were
cper~ted by setbuok, Abuut 25,000 units were nade for 21 cm
dismeter rcckets and 1 rger., The oglve of the rccket wrne extended
to conpletely hcuse the fuze and an additionnl external hamner wes
nade te nrojoet in front of this windshield to actuste the peint
detennting element of the time fuze, This fuzo w-s kncwn as R,
Dror 2 §/60.

(c) Self Destructi-n Fuze (Rotating),

Durin~ Janurry 1945 & simnlificd self destructicn element was
develomed for the 37 -m fuge, TFigure 1) sh:we the werking —~rincinle
of the unit, In the figure (2Z) is ~n ~rm secured rs shown but free
t¢ nove cutward when the bullet s~ins, Srring (5) is loaded by
the motion ¢f the nrm, after the srin has dininished to the
desired extent the lueded snrinsg rvereomes the centrifugal foree

Lo~
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5, (¢) Self Destructicn Fuze (Rotating) (cont'd),

on the arm allowing it to move inwerd. The clcser it zpproaches
the center the mecre rapid is this mcticn and finnlly it fires

nrimer (4), The egas vressure mcting cn the enlorged perticn of
the firing pin (2) causes the firing win to fire the main primer

~thereby destroying the bullet,

60 units were made by hond were found to be satisf-ctcry.
The design w8 sent to the 0.K.L. for approval just abcut the end
of the war, It shculd be ncted that the aluminum spiral as
divided makes an excellent and inexpensive detent, Tests ehcw
that at 30,000 RPM tho bullet is safe (Maskensicherheit) 45 feet
beycnd the murzle in the 3.7 mm design, At 50,000 RPM the hullet
is sefe 24 feoet beyond the muszsle in ‘the 20 nm deeigm.

The described unit wes intonded to nrcvide a less expensive
fuze than used nreivcusly end wos called "Verimfachter 3.7 cm .
Zerlezer®, It woe adjusted in the factory by bending the teil end
of the spring, ‘

The fuze it was to replece cost 1.88 marks and the emaller
fuze ccet .61 mnrks, The ~luminum spirals were mede ¢n special
machines at the r..te of £hrut 100 ver minute,

i

(a) Self Destruction Fuze (Hon-rotating),

The fuze shcwn in Figure 12 was never designed dbut the nrosg—
pective designer thcught it could bYe made srmewhat as indicated,
The block (1) provided with the slctted nlate (1la) 1s resting rcn
the plate secured by spring (3) and encempnssos the firing rin
(2). Bv setback (abcut HO g) the dlock moves downward and rotates
the firing nin, This rctaticn winde the soring (4) by moving sector
(8), Arfter the bullet is in flight, epring (4) onerrtoe sector (8)
which is slowed down by the ratchet (12) thrrugh wheels (9, 10
-nd 11), The self destructicn firing am (%) previously cocked
cn the halfshaft (8a) is relersed vhen the shnft (8a) hee moved
sufficiently and strikes the primer (7) whereupon the gns pressure
operates firing rin (2) cond the bullet is destroyed,
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5, iidscellany (cont'd).

(¢) Tlectric Fuze for .cllow Charge (100 mm projectile).

Tc secure the fast fuge respense required for a hellew charge
the Germrns Ceveloped nn clectricrl impact fuze which genereated
its cwn current, Within a cylindrical enclosure 22 mm in diameter
end 37 mm long: was epring mounted a permanent magnet cup and soft
ircn core cr-ntaining ~n winding which termincted in two nlugs,
Exterirr to cup w's rlaced .1 MF condenser, The cup was shorted
~t its opon end by ~n ircn keever secured to the externnl structure,
At the moment of immnct the mognet assembly moved away from the
keeper the resulting veltnge (180-200 V) charged the concdenser and
fired a gensitive electric squib, The unit seemed tc be in the
development strnge ~nd nc samples are avail:ble,

(f) Tachograph fcr Reccrding Snin,

Utilizing . nechrnicsl tine fuze cleck with suitable recording
noint ané disc ensnbled the Germans to find the smin of nrojectiles
rné rockets in n simle yet esceningly sufficicently accurate wey,
Werking érawings tosuther with airves nlotted in n few tests have
been forworded to CNO (Op=l6-IT),

Prepared by:

X, G, BURGGH"N,
Technician,
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APPENDIX 1

FORMS OF GERMAN TIME FUZTS.
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APPENDIX 11

JFor a couprehensive survey of German Fuzes refefence 1s made
to U, €. Nar=l Technical Mission in Burope Technieal Report No,
101-U5, prapozed by Lt.(Jg) R, L. Gellein, USNR.

The ¥az: deslgns dealt with in this report were screened out
from & larz: aount of material and were. in the malm, proposed too
late to L vecd in aetual warfare,

The nmaserial reported on here was coliected, screened and e~
valuated Dy:

Comdr, M, L. MiTHSOW, :
Ldeut, R, T, WRIGHT, . »
Lieut, R, E. WalSOX, : .
lieut, P, 3B, GASTIETON

Lt. (Jg) R, L, GELLEIN,
Tech, M. L. KIRBY,



